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Abstract

Naturally occuming plants with Lorge differences in rodulation capacities
(including nommodularion) within chickpea cultivars have been reported. Tuwo
cultivars, ICC 4948 (= G 130) and ICC 5003 (= K 850), from which such
nodulation variants weve identified during the mid: 1980s, were susceprible to
fusariam wilt @ widely occuming soilbome diease, ccused by Fusarium
oxysporum {.sp.ceer. This made multlocational evaluation o the nodulation
varians diffioultin some important chickpea-growing aveas. Studies reported
here suggest that highenodulating variants can be identifed from advanced
breeding chickpea line that were repored s tolenant to fusarium wal, The
potential value of these and previously repored nodulation variants for
quonifcrion of N, fixaion, addtiona vesdual efect owing to aditonal N
fixation by the high nodulaing selectons, improving sil health, and bette
understanding of the symbiotic process have been discwssed. The potential to
develop strestolerant symbiotic chickpea lines has been indicated through
successful identfication of high mineral- tolerant symbioti selections.
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Introduction

Chickpea (Cler aritinum L) is an important coobstason legume of the semiarid
tropics, and s considered to sustain croppingesystem productivity, Among ather
fctons, this s due o it abily o fix atmospheric N, in s toot noduls, and the
beneficialefecs on subsequent crops. It s nodulared by Bradyrhiobium sp. (Clcer)
bacteria (Gaur and Sen 1979, Jordan 1984). Although the extent of nodularion and
N, fvaron vary among culivass oflegumes (Nutman 1981, Philips e al. 1983,
highnodulating and high N, fiing gentypes are no necescarlyhigh yieking, as
has heen reported with common bean (Phasealus wlgarisL.)cv. Dunadia (Hardarson
¢tal. 1984) and some Korean lines ofsoybean [Clcine max (L) M) (Herridge and
Betts 1986), Similar examples may have prompred some: scientits to think that
maintaining nodules and theie N,fixing functions diverts sigifican resourcesof
energy 10 roots, esuling in low legume yields compared with those of cereals
(Arnon 1980). On the other hand, groundnut [Avachis ypogaea L), pipcompea
(Cajoms cajon Wik, and chickpea lines devaid of nodules e, genetically
nonnodulating), developed from nonnodulating plants occurring naturally in
landraces orin segregating populations, when supplied with abundant fertlzer N,
produced yields simila to those of nodulated plants (Nambiar 1990, Rupela 199,
Rupela and Johansen 1993).

Variants of baceria snd plants developed by recombination, induced mutation
o seecton can serve as basic materia in better understanding events o a given
biologicalprocess at biochemical and moleculat levls (Crank et al, 1993, Schuller
etal, 1988, Yudkin and Offord 1973), Natural occureence of nonnodulating plants
in culivars developed through hybridization and by sclection from landraces of
chickpea (Rupels 1992), has been reported to be gemecically controlled (Singh et a
1992, Singh and Rupela, in pres). This led us to furcher explore the occurrence of
plants with large diferences in nodulation capacities within chickpea cultvarg
(Rupea 1994 because these could be useul in berer understanding ofthe N,
(vaon proces. I reenhous (Wani et al. 1995 and feld st Rupela . 1993,
Rupela et al. 1997), the relaive diffrencesfor nodulaton between highy and low-
nodulsing slecions within cutvats were consistent on a Vertisl ol at ICRISAT
Asia Center, This paper discusses fusther work on developing more nodulstion
variants of chickpea, and the potential value of nodulaton variants, in general

Genetic Variation in Nodulation Capacity Within
Advanced Breeding Lines of Chickpea

The ighnodularing HNYN g lines developed rom two culvars, ICC 498
(w G 130)and ICC 5003 (m K'850), through pureline selecvion (Rupea 1994) were
subsequently evalvae forstablir of their N, fixaion triar eght locations n
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four countries during 1994/95 and 1995/96 postrainy seasuns (Dudejaeral, these
proceedings). Theit nodulation was found to be consitently supesor o the low
nodulating (L) selctions from theseme cultvar at all the hocatons exoept where
prablems of fusarium wil {caused by Fusrivn assporum . . cicer) and variable
plant stand occurted, The HN selections yenetally yieded higher than the LN
selections a these locations. Howeser, the high N fixing vriais were offimited
value because of their susceptibilty 1o the diseace

In the 1991792 and 1992793 postiiny seasons, we initiated a ccreening program
to examine the occurrence ofplants with large dffrences in nodulation capacites
within advanced breeding lines,reported tolerart o fusarium vk, A mavimum of
533 plants ofeach of 86 advanced breeding lines or recently released cultvars, and
sume germplasm accessions were examined a physiological matariy. Seed rom the
selected plants wee used o produce single plant progeies which were evaluated/
advanced (Rupela 1994) for high o low nodulation ater seection from us parent
line {an advanced breeding line ot a germplasm line). During the early wages of
screening/evabuation for 1.3 years, the selctions were generally grown in
nomveplicated 4 single rows. Promising selecrions develuped from the sreerivg
program were evaluated for nodularion and yield ftotal dry matter and grain)
in 4 replicated test in the 1995/98 postrany season, and compared with theit
parents,

The experiment had 84 entries as subylots 14 m < 0.8 m) of a split-plot desgn.
Sixtyfour of these were seoctions developed for high o low nodulation from 17
patent lincs, A given parent line and isslections were designared as a group, and
there were thus 17 roups in the experimen, cach having 1-10 seectons, A highe
nodulaing chickpea fine ICC 5003 was included a5 a control. A of these were
evaluated on a Vertiol for the first time, and had three replications at two
contrasting il N levels taken as main plot treatments,

Low (N1) and high (NJ) soil N levels, representing those that can be found in
farmers fekds, werecreated by apphing 0 (N1) and 100 kg N ha (N2) ssurea t0
the preceding sorghum. A total of 8 mm rain fell between N application and
sowing of chickpea on | Nov 1995, when the mineral N concentration mthe top
15 o thesoilprofile i the N2 plots was 1.7 times (13.0 mg N kg i) hghet
thanin N plots 3.7 mg N kg s, Observanions on nodule numbet and nodule
masspet plant of the entries were made between 41 and 48 days after sowing DAS),
by sampling 3010  replicarions) plantsof each entry, Toral dry matter and rain
yield were asesed on 1.8 ' plots becween 8 and 10§ DAS, Longeuration
hickpe lins are known o suffe yied reducton n peninsular Inda becauseof

- Nghtemperarre atpod lling (Saxena 1987). The experiment involved entries o
- hott 1 ong marurty durations. To simplify discussion, only data on total dry

Mmattet yied are presenced here, A specilly developed taistcal analysis program
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using Genstat 5 version 3.2 allowed comparisons of the sclections among

themselves, wi i i i £ E 7
opmsel _O.C _mﬂww_.,n:. parents, with other parents as a group, and with the control m m ) .W. m . .\... N. vz R
: g . . . 2Lz o
Three of the 17 advanced breeding lines (ICCV 91016, ICCV 91019, and ICCV & = 32 £ FRRR ® <8
91026) had HN selections that were significantly (P < 0.05) better than ﬁ.?..: _u»mas: B 5 “ m.
(Table 1). Some selections in these three advanced breeding lines and in ICC Aomw m. 3
a nn::m.._mu_.: accession, were significantly (P < 0.05) better than others within .ra:” T a =E RE
respective groups. The superiority in nodule mass (in some cases, at NI and in 2y g 25 2
w.rn..u. at N2) of these ranged from 64% in CP 92252 (parent ICCV 91016) 1o 293% T = Sy 1a e
in CP 92296 (parent ICCV91019). Allof these produced more totaldry matter than ¥ 9 g ce e
their parents and/or the other selections in their groups. The increase in total dry %3 g o ZEonEgns a2 g oo
matter of the selections (furming significantly superior nodule mass) over their o < ra|H(TT T 9% 3 G oS G
parents ranged from 5% in CP 92252 at N1, to 65% in CP 92296 at N2, In most §3% |3 |En AN 3N 2R A0 a0
cases, however, the increase was not statistically significant (P < 0.05). W.m 5 T
>_.” the high s0il N level, nodule mass of all chickpea lines (control, parents, and a¥ = SO ZE LR L2 ng oo
selections alike) was substantially reduced (by 53% on overall mean basis x:.m by m 3 ZIW% 99 97 99 9% 9%
49% in the control cultivar), But some selections, such as CP 92297 (parent ICCV ag N A AR T 422 0%
89230), CP 91368 (parent ICCV 89230), CP 92012 (parent 91019), and P 95005 ¥
(parent ICCV 89305), formed nodule mass similar to or higher LE: that of the £ - clgy 3% 2y 8¢ 27 24
control at N1, and at N2, had <40% reduction. Such other selections as CP omwom ;m o g8 28 28 28 38 2 %
6“;2 Iccv %omue and CP 92296 (parent ICCV 91019) showed 43-60% 5 & go| |¥TET ET AT e 2T
reducrion in nodule mass at N2 from that at N1, but still had hi 4 = £ & A Ty G N M
(by 35-41%) at N2 than that formed by the HN control at ZNﬂm_—,MhnMwwM_nmﬂuﬂw m Am. m ,m. 195 54 52 5% Ny s
produced 5-65% higher total dry matter than their parents, and 14-39% higher m,.m .m E ‘ .m um_ .nm ¢ H_ % m‘. nw. ﬁ ol .h:
than the control cultivar at N2. This is important because the correlation between = m == .
the total dry matter and nodulation, though nonsignificant, was negative in this ..o... 2 A RE 2% 2 s 23 2%
experiment. The study strongly indicates that it is pussible to select for HN (and 2 m Zlag 24 28 5w oG8 dy
high N -fixing) plants from agronomically accepted varietics. Also, these selections a3 I RS RT RERT 63
can .v_.omcnn a total dry matter similar to, or higher than their parents. The &% ]
possibility of selecting HN lines at high soil N is also indicated. Such lines should m £ 2 m "e ve nA me a4 s
depend more on nodule-fixed N than their parents, particularly when the soil N 2% _Mm... e
concentrations are suppressive to nodulation/N, fixation. As a result, they should .m 3
produce high yield and/or spare soil N for the subsequent nonlegume crop. 5 .w... s §
S $ = ~ v. v ~ w ~
Value of Nodulation Variants m m = .m
W v
Nonnodulating Lines As Reference for N,Fixation Quantification Studies m ..m. 2 8 2 o w9
Reliable measurement of N, fixed by a legume is important if this N is to be managed M m 2 m M g 2 g R
appropriately. Principal assumptions of '*N.based methodology are that the reference . .m W. el > > W W 3 <
plant lacks the ability to fix N,and that the *N/"N ratio of its tissues is the same w £ m n..a m m m m m m
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1. Data for sclectad parents where sclections were significantly different (P <0.05) from parents or smong shemseives for nodule mass.

2. 8 = mesn values for the parent, b = mean values for sclections from the perent.
3. Percentage of incresse in nodule mass of & selection a< NI or N2 over ias parent.

4. - = no improverent.

ICC 5003 (Control)
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Lty . 3 ol mineral N and the lewume and
B g )

Ko reference plants explore soil N pools of
idential composition for the same length of
time (Peoples, Turmer, & al, thee
proceedings). Nonnodulating isolines of
legumes are the prefeeed reference (control)
lnes fo thei N, fsing isoines (Fried e .
1983) and arethus ofimited application, “N-
based methods are considered relinble
(Danso et o, 1993 for quanefcation of N,
fxed by legumes, These methods require use
of mass spectrometers, which are generally
inaccessible to most BNF researchers in
developing countries, The *N-cnrichment
method also requires wse of expensive
labelled Nerlize.

Use of N natural shundance method
- equires determination of sotope discriming-
tion berween *N and N (Bvalu), which
ecursduring N, ixation. Bvalueof -1 §3%
for 100% N dependent. greenhouse-grown
Sﬁ ls chickpea plants has been determined, and i
expected toapply in most sitations (Peoples,
Turner, et ., these proceedings, The deha
value of nodulated lines in some of our
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Figure 1. Mean (8 years, 1990:91 10 1994195) voal
dey matter and grain yield o five nodulated (Nod?)
chickpea cultivars and nonnodulating (Nod)
selections from each of the, Vertisol, postainy
wetson, ICRISAT Asia Center, Mean mineal N
concentration (mg g soil in top 15 em soil at the
time of sowing ehickpea was 11 (N1), 13 (N2}, 16
(N3),and 26 (N4). No N was apylied 10 chickpen,
Preceding sorghum (rainy sesson) received 0 (N1),
40 (N2}, 80 (N3), and 160 (N4) kg N hat* in o
aplit dowes in all the § year, except in 1997 when
O(ND), 80 (N2), 160 (N3), and 320 (N4) kg N o
: 2O v applied. Twenry kg P ha' as single super
" neme photphate was applied to chickpes at sowing in
MR N M oo, 19929, and 199985 Dua e from
ol i N o 8cmpre)  monseplicated demontration plos (B X 2.

oWy yeat wan used s rpliation for stairical anayss.

Toral dry matter (t ha 3
T

=
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unpublishe experiments was aslow s 158 we use a Bvalue of -1.65%e,this
il mean > 100% N, fixaton, which is physiologically imposubl. Peoples,
Turner, etal. (these proceedings) suggested to arbitearly nominate such low values
a5 100% i, designate Bovalue a5 <2.58%. Thus the “N-hased methods are not
without difficultis, While highlighting problems snd misconceptions with the *N-
hased methods, Danso et al, (1993) stated that even though not perfeet, these
methods ar il te mostreiabl to measure N, fixtion, and should provide near
accurate results when used carefully. Nonnodulating chickpea lines responded to
increasinglevels o soll mineral N {Fi, 1) when grown on a Vertisel atIAC, tneeds
to be widely examined if these would be of value for the difference method of
quantification of N, fxed by nodulated chickpea fines. I found suitabl, it would
abviate the need of expensive “N lerilizers and equipment to determing "N.

Additional Residual Effect of the High-Nodulating Selections

Itis widely reported that the yield o cereal crops following egumes s significantly
geater than after nonegumes (Ladha and Kundu, these procecdings), The
question of whether the addivonal nodulation/N, ixation of the HN selections
would resuh in any addivional residual effect was stucied on a Vertisol at 1AC
(Rupela et . 1993} Plants of widely diferent nodulation capacites occurring in a
chickpea varety ICC 4948 (= G 130), and laer developed into separatelnes were
compared in a fild experiment on chickpes-sorghum cropping system. In ths
experiment, 1CC 4948 HN formed sgnificantly (P< 0.09) reater nodule number
(36 per plant at N1 and 16 perplant at N and nodule dry mass (74 mg per plant
at N and 21 mg per plant at N2)than did ICC 4968 LN or s parent ICC 4348
(1 G 130). Biomass and grain yild produced by the HN selection were, however,
only 9-10% higher than 4.3 tof iomass, and 2.05 tof gran yield pet hs,of the
UN chickpea ine 1CC 4948 LN, A significanly higher nodule mass of the HN
seection did resulin sgnificantly highee gain N concentration and consequently
11-35% higher N yild than the LN slcrion and the parent (range 109-116 kg N
ha) at the low soil Nlevel (N1), Afterthe chickpea was harvested on 24 Feb 1993,
hybrid sorghum CSH § was sown on 24 Jun 1993, Sorghum ws harvested on 16
Oct 1993, and stover yield, grain yield, and N content were measured, Sorghum
grown aferthe HN chickpea produced 6% higherstover yield and 1% higher grain
yied at low sl N than those grown afer the LN seletion from ICC 4948 (Table
1), which yielded 3.7 tofstover and 219« ofgain pe ha, The tota N yied, both
of chickpea and srghum from plots having a HN selecton was 3% greater than
those rowing a LN selecion, which was 153 kg ha at the N1 lvel, Difference
benween the two treatments for grain and stover vied were, however, not
satitcaly significant, The treatmentdiffrences due o the theeenodulacion types
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Table 2, Stover, rain, and Nyield of sarghum (CSH 6) grown afer chickpea, and
total Nyied of chickpea + sorghum, ICRISAT Asia Center rainy season 1993,

S e g ey

N yield of chickpea
bun (g
Chickpea lne rown + sorghum (g ha')

beloesorghun'  NL N2 Men NU NI Man NI N Mem

ICCHBEN 238 265 150 400 416 48 1) 10 166
CORIN 109 20 1% 30038 38 1 1%
ICC 4948 W01 460 4w 1 ;o

ICCHmNod 166 195 18 2036 W8 3 1 g
& CCHE T I T YT
Meen IAUIRR] 3B 3 1818
i 0140 014 <19

Qraln! Stover

1. EN = bighnodulring LY » low-nadilting; Ned nonneduliting,
LN Jow sl N: N2 « bigh il N,

. Vs paenchesen e Bt compire means itk the same Ndeve
Source: Rupeh et al. 195,

were apprecible t the high sol N evel (N) where chickpes nodulten was
grealy reduced inthe 1992793 postainy season,

From the dar eported (Rupela e, 1995, i was apparent that the use of HN
seecton only marginall improved the avera productvty of the cropping
systems,atoastin st year, AN el th plots where HN chickpeaselction s
grown, yiekded kg N ha igher sorghum + chicpea) then those wherethe LN

selecron was grown, The longiterm sinificance ofthis gmal gain needs to be
examined i longterm studies

Soil Biology and High BNF Variants

The RN selecton i the experiment described above produced only marginally
higher grain yield (3.3-6.9%, mean of the two N levels)than that of the parent
variety, and the LN seection from it But the HN selection fixed significantly
mote atmespheric N atlow soil N, as measured by aceylene redueton activity,
In thisexperiment, soil miceobia biomass catbon determined at flowering (46
DAS)was | time, and miceobal biomass N wastwo times morein cageof the
N thaninhe LN lecton (i, ), when rowmatlow (45 mgmineral N g"soil

n

o soil N (Bupela et al. 1995). No such 30 \

diflerences in mictobial biomass were
observed in these lines when grown at
the high (8.1 mg mineral N g soi] soi
N level. These results indicate that
when grown at low soil N, the HN o4 2
lections supported more microbial
activity i the soil, pechaps by
providing the ecessary C through root
exudate and through senescing roots
and rodules. Mean (of the 1 N levels)
fush C:N rato was low (138) in HN
plots and high (189) in LN plots
(Rupela ecal. 19). Such an increasein
microbial biomass and reduced flush
CN racios should resul in increased
availablity of soil nutrients in plots of
HN lings. =i |
WY N P
Nodulation Variants as W:*:srso?;lm M:mm
s oo Figure 2. Microbial biomass ulrbon :ln:

: ! nitrogen {ug g o) el from how vl
tm::s \}] S:“:N:y:;\ig‘i::;;;“gx:; :;' lev:\l“plol(: :f‘thitlpe: fines of high (HN),

)

o low (LN) nodulaion capacities and their
Young plams we seed or soll N (o parent JCC 4048 P). Souree: Rupela etal

feeter N) iniially, unal N, fxaton 1993
 nodules is established (generally

:;\t:lgthe complementary tage berween mineral Nand BNRL Afe thf qodules at
esablished, NF is sppressed by igh soil N, if present (an anagonisi tag for
the o sources of N). Field studies on N nutiton are therffore complex a.nd
diful. Appropriate studies on nodultion variais Nod, LN, H, and of high
Netoerant symbiosi, reported by Rupela (1994), can help develop ‘a !?euc;
understanding of N merabolsm in legumes. Sagen e ?L H?‘)}) used Nod and
supesnodlating mutansoffed own peas toanalye N nteton. They rpoe
chat N-defcincy induced fowering temination, and thatthe sourceof N ineral
) versus symbiotically ed N) had e effct o yield. “ |

In ureideproducing legumes, the sylem s2p composition .has ! dm
relationship with the BNF capaciy of 2 g&vm cltvar. I pitonpe this
relationship has been ueed to quandly BNF (Peples et al. 189 by dlff((tl‘\;
cultvars, In such amide-producing legumes a chickpes, & xylem' sap based BN
quantifcation meshod simlat o tha for pigonpea s not avlble A better
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undersanding of N metaboliem using the nodulation variams could lead 1o
development ofsuch a method for chickpea

The nomnodulaing inesofchickpealack nodultion abily, but form normal
took ais (Rupea 1991). Such s can be usl in examining if changes in
Navonoids signalfactor) ar responsible For the nonnodularion, Such studies may
lead vo understanding underlyingreasonsfor the occurrenceof LN and HN plants
within cultvars,

Nirogen fxation by legumeshizobial symbiosis uses products of
Photosynchess, and theefore it compete for photosynthae pattitioned 10
cconomic yied (Atkins 1984, Tiwary and Heichel 1991). The lins with large
diferences in nodulation capaciies within cultivars are putative isolines, and
have been used to understand carbon budgeting in rlaion to N,fiation in
chickpen. Five different selctions with increasing capacity for nodulation
within chickpea culivar1CC 5003 (Rupea et l. 1997) grown in Vertisolfled
pots were ued lo this purpose by Wani et o, (1995, Chickpea plants grown
it who mineal N lvels were exposed 1o “CO, and the distribuion of
*C:photosynthatein differen plant parts was determined, Total plant biomass
of the hickpea selecrions increased signficantly (P <0.01) with increasing
minerdl N and nodulation level when measured at 57 DAS, Mean percentage
“Cphotosynthate translocated to the roots decteased with increasing
nodulation capacity, and lso with increasing mineral N e, Lownodulating
seections of chickpea grown under ow soil N level were unable 1o fulfil thee
N requirements through BNF as indicated by ther higher root/shot tari
compared with the HN seectons, Such plants invested more carbon in
increased oot production 50 a5 to exploit sl N, as evidenced by the greater
partitoning of “C-phorosynthate to toors in LN selections.

Conclusion

Substantial progress has been made towards characterizing the role of thizobia
insymbioss, te genes invalved n signaling, and expression of nif genes later
in the plans, but informaion from the plant is rathe sparse, Hitherto
unknown plant genes may be involved in the process of infecton, elongation
of infecton thread, differentiation of the bacteroid and fnally, expresion of
the i genes, Mutans afcted in nodultion are the key components in
understanding nodule development and determine tole of plans in the
symbiotc assoiaton, Naturally occurring  nodulstion variants- within
culvus tepoted fo chickpe, an importen egume i the semivarid tropics,
will b uefl in bener undistanding of the symbiotc process, In addition,
Nighnodulring/igh N fing vruts wihtolranc o e corwillg

i

of value insustaining production of relevant crapping syseems. lfhc
nonnodulating variants can be appropriate nonfxx},ng reference ;F{?ps ot
uantifcation of N, ived by nodulted chickpra by *Nebased and diffrence

methods.
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